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我们于厦门市妇幼保健院调取 57 名母乳喂养婴儿和 38 名人工喂养婴儿(3
个月～24 个月之间)的认知测评数据，两独立样本的秩和检验比较分析了不同喂
养方式婴儿认知水平的差异。于厦门市妇幼保健院选取健康乳母 150 名(意向对
其足月婴儿采用母乳喂养)，于其产后第 3 天、第 8 天、第 30 天～40 天、90 天
左右分别采集母乳 10mL，并用 24h 膳食回顾法记录乳母前一天的膳食营养状况，
据中国食物成分表计算乳母膳食营养素摄入。同时调查了 58 名正常妇女的膳食
营养状况作为对照组。采用荧光-高效液相色谱法(Fluorescence Detector-High 


























喂养婴儿，智力和运动发育指数双侧检验 P 分别为 0.022 和 0.001。乳母初乳、
过渡乳、1 个月左右的成熟乳、3 个月左右的成熟乳中唾液酸平均含量分别为
1653.0mg/L、1305.0mg/L、642.3mg/L 和 328.4mg/L，母乳中 70%以上的唾液酸
是以低聚糖结合的形式存在。配方奶唾液酸含量为 1.686mg/g，61%是以蛋白结
合的形式存在。乳母产后第 2 天、第 7 天、第 30 天和第 90 天能量平均摄入分别
达到推荐摄入量(Recommended Nutrient Intake, RNI)的 83.9%、79.2%、72.2%和
73.5%，对照组妇女能量摄入仅达到 RNI 的 61.9%。乳母蛋白质平均摄入量分别
高于 RNI(85g)的 45.1%、36.7%、22.6% 和 21.6%，碳水化物摄入较少。乳母铁、
烟酸、维生素 E 和硒的摄入高于 RNI 水平，维生素 C 和钙的摄入明显低于 RNI
水平。乳母产后第 2 天、第 7 天和第 30 天维生素 A、维生素 E 和硒的摄入水平




测到 Neu5Ac，未检测到 Neu5Gc，配方奶中检测到 Neu5Gc 的存在。4.母乳与配
方奶中唾液酸存在的主要形式不同：母乳中的唾液酸大部分是低聚糖结合的，而
配方奶中大部分是蛋白结合的。5.婴儿通过母乳摄入的唾液酸量高于通过配方奶























There are differences in cognition development and other aspects for infants with 
different feeding patterns. The reasons not only lie in family background and 
hereditary factors, but also in different compositions of human milk and infant 
formula. Docosahexaenoic acid ( DHA ) and Arachidonic ( AA ) , as important 
nutrients, have been studied well, which can affect brain development and vision 
development of infants. Besides DHA and AA, sialic acid, as a natural nutrient in 
human milk, may have important influence on infants’ cognition and nervous system 
development. There are no data of sialic acid concentrations in human milk in China 
at present, though which is very important for studying the nutrition significance of 
sialic acid any further. The food of newborns mainly come from human milk and the 
nutritional status of lactating mothers play an important role in human milk 
composition, so it’s necessary to study the nutritional status of lactating mothers and 
provide scientific advice for them. Reasonable diet not only benefits mothers’ health, 
but also the healthy development of infants. The purposes of the research are: 
comparing the differences of cognition development of breas-feeding infants with 
bottle-fed infants; evaluating the nutritional status of lactating mothers during 
lactation and the correlation between dietary sialic acid intakes and its concentrations 
in human milk; evaluating the relationship between sialic acid in human milk and 
infants’ cognition development by comparing different concentrations of sialic acid in 
human milk and infant formula.   
Data of cognition development of 57 breastfed infants and 38 bottle-fed infants 
( 3~24 months ) from Maternity and Child Heath Hospital in Xiamen were retrieved 
and analyzed using two samples rank sum tests in order to find whether there was 
difference in cognition development between breastfed infants and bottle-fed infants. 
150 healthy lactating mothers who will feed their children with human milk were 
taken as research objects, their human milk ( 10ml ) were collected on 3rd day, 8th 















recorded with 24-hour dietary recall and nutrients intakes were calculated according 
to List for Food Ingredients, 58 normal women were taken as control group. Sialic acid 
concentrations in human milk and infant formula were detected by Fluorescence 
Detector-High Performance Liquid Chromatography ( FLD-HPLC ) . 
One of innovations of the research is finding the possible role of sialic acid in 
infants’ cognition development, the second innovation is the detection method of sialic 
acid: sialic acid can specially bind with 4,5-Methylenedioxy-1,2-phenylenediamine 
dihydrochloride ( DMB ) to form a new derivant which can produce fluorescence 
signal under 373nm excitation wavelength and 484nm emission wavelength, steps 
( purification of lactose ) was saved and loss of sialic acid was avoided through this 
method. Analyzing correlation between sialic acid intake and its concentrations in 
human milk is the third innovation. 
MDI ( mental development index ) scores and PDI ( psychomotor development 
index ) scores of breastfed infants were both higher than that of bottle-feed infants 
( P=0.022, MDI; P=0.001, PDI ). Sialic acid concentrations in colostrum, transition, 
mature ( 1mon ) and mature ( 3mon ) were 1653.0mg/L, 1305.0mg/L, 642.3mg/L and 
328.4mg/L respectively, more than 70% of sialic acid in human milk existed as 
oligosaccharide-bond. Sialic acid content in infant formula was 1.686mg/g and 61% 
of sialic acid was protein-bond. The mean energy intakes of lactating mothers at 
postpartum days 2nd, 7th, 30th and 90th reached 83.9%, 79.2%, 72.2% and 73.5% of 
their RNI ( Recommended Nutrient Intake ), respectively, and only 61.9% in controls. 
The mean carbohydrate intakes were much lower, and protein exceeded the RNI level 
( 85g ) by 45.1%, 36.7%, 22.6% and 21.6% among lactating mothers, respectively. 
The mean intakes of iron, niacin, vitamin E and selenium were higher. Importantly, 
however, intakes of vitamin C and calcium were significantly lower than the RNI. 
Comparing to controls, the percentage of vitamin A, vitamin E and selenium intake of 
lactating mothers were higher ( except 90th day ), but vitamin C, calcium and Zinc 
were lower. 
We may draw the following conclusions: 1. Cognition development of breast 
feeding infants’ are better than that of bottle-fed infants. 2. Sialic acid concentrations 
in human milk are much higher than that in infant formula and drop dramatically 















both detected in infant formula though Neu5Gc content is low in infant formual. 4. 
High percentage of sialic acid in human milk is oligosaccharide-bond, but is 
protein-bound in infant formual. 5. Only Neu5Ac is taken by breast feeding infants 
and higher than bottle-fed infants; not only Neu5Ac is intaken by bottle-fed infants, 
but also little Neu5Gc. 6. Correlation between sialic acid intake and its concentrations 
in human milk hasn’t yet discovered. 7. Mass nutrients intake of lactating mothers are 
in line with RNI, but trace nutrients intakes are lower; the proportion of energy 
provide by protein, fat and carbohydrate isn’t balanced; trends of most nutrients are 
not pronounced during 90 days; in general, nutrients status of lactating mothers are 
better than normal women. So sialic acid may be related to infants’ cognition 
development from above conclusions. 
 



















缩 略 词 表 
VI 
缩 写 词 表 
AA Arachidonic 花生四烯酸 
BMI Body Mass Index 身体质量指数 
CGMP Casein-glycomacropeptide 酪蛋白糖苷肽 





DRIs Dietary reference intakes 膳食营养素参考摄入量 
DNA Deoxyribonucleic Acid 脱氧核糖核酸 
EAR Estimated avarage requirement 估计平均需要量 
FLD-HPLC 
 






KDN 2-keto-3-deoxy-nonulosonic acid 2-酮基-3-脱氧九酮糖酸 
LCPUFAs Long-chain polyunsaturated fatty acids 长链多不饱和脂肪酸 
MDI Mental development index 认知发育指数 
Neu5Ac N-acetylneuraminic acids  N-乙酰神经氨酸 
Neu5Gc N-glycolyl neµraminic acid  N-羟乙酰神经氨酸 
PDI Psychomotor development index 运动发育指数 
RNI Recommended Nutrient Intake 推荐摄入量 
RNA Ribonucleic Acid 核糖核酸 
RSD Relative standard deviation 相对标准偏差 
UL Tolerable upper intake level 可耐受最高摄入量 
WHO World Health Organization 世界卫生组织 
WAZ Weight-for-age z score 年龄别体重标准差评分 
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